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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a power generation 
plant including fuel cell, and more particularly, to a power 
generation plant in which a purge gas is supplied to a 
containment vessel which houses a fuel cell main unit. 

In general, fuel cell power plants are power gener- 
ation plants which directly and electrochemically con- 
vert the chemical energy of a fuel into electrical energy 
without conversion by combustion into thermal energy, 
and have attracted attention in recent years because of 
their high energy conversion efficiency. Hydrogen, 
methane, methanol, hydrazine or other hydrocarbon 
chemicals, and the like are used as the fuel, and oxygen 
and air is used as an oxidizing agent and as a combus- 
tion agent. The operating temperature varies from room 
temperature to a high temperature of 500-1 000°C and 
the total plant energy conversion efficiency for electricity 
and heat supply is 60-80%. In this specification, there 
will be many cases where the description will use the 
example of a fuel cell which uses hydrogen rich gas as 
the fuel and air as the oxidizing agent but fuel cells are 
not limited to hydrogen fuel cells. 

As shown in a first example of FIG. 1 , a conventional 
fuel cell power plant can take a required power from be- 
tween cathode electrodes not shown in the figure, and 
anode electrodes, and which are provided inside a fuel 
cell main unit 1 . 

Connected to the fuel cell main unit 1 are an oxida- 
tion agent supply pipe 2a and a fuel supply pipe 2b in a 
configuration wherein an oxidation agent and a fuel are 
each supplied to the fuel cell main unit 1 . 

Furthermore, a used oxidation-agent discharge 
pipe 3a and a used fuel discharge pipe 3b are also con- 
nected to the fuel cell main unit 1 so that the used oxi- 
dation-agent and the used fuel can be discharged to out- 
side of the system after the chemical reaction between 
hydrogen and oxygen has taken place. 

The oxidation agent which is supplied to the fuel cell 
main unit 1 via the oxidation agent supply pipe 2a is gen- 
erally oxygen which is included in the air. 

In addition, a fuel reformer 4 is connected to the fuel 
supply pipe 2b and this fuel reformer 4 reforms the meth- 
ane gas or other hydrocarbon fuels and generates hy- 
drogen rich gas and then supplies this hydrogen rich gas 
as the fuel to the fuel cell main unit 1 via the fuel supply 
pipe 2b. 

The fuel reformer 4 is provided with a reforming 
space 5 where there is reformed the methane gas or the 
like which is supplied via a reformed fuel supply pipe 7a 
and in doing so generates hydrogen rich gas, and a 
burner 6 for supplying heat to the reforming reaction to 
be taken in the reforming space 5. 

The burner 6 is connected to an improved fuel sup- 
ply pipe 7a and to a burner fuel supply pipe 7c, which 
respectively supply the burner oxidation agent and the 



burner fuel to the burner 6. 

A conventional fuel cell power plant is provided with 
a containment vessel 8 which surrounds the fuel cell 
main unit 1 so that the oxidation agent and the fuel sup- 
5 plied to the fuel cell main unit 1 is contained and so that 
the required chemical reaction takes place inside the fu- 
el cell main unit 1. 

The containment vessel 8 contains the fuel or the 
oxidation agent inside the fuel cell main unit 1 as de- 
scribed above and therefore in conventional fuel cell 
power plants the injection of an inert gas such as nitro- 
gen or the like to the containment vessel has been re- 
quired to maintain it at a higher pressure than the fuel 
cell main unit. 

As disclosed in Japanese Patent Application Laid- 
Open No. 226664-1990, a conventional power plant is 
configured so that a burner exhaust gas from the burner 
6 is used to economically supply an inert gas to the con- 
tainment vessel 8. 

More specifically, a conventional fuel cell power 
plant has the burner 6 and the containment vessel 8 con- 
nected by a purge gas supply pipe 2c in a configuration 
where the burner exhaust gas from the burner 6 is in- 
troduced to the containment vessel 8 as the purge gas. 

The introduced burner exhaust gas is discharged to 
outside of the system by a purge gas discharge pipe 3c 
and via a pressure maintaining means not shown in the 
figure. 

In general, an anode space where the fuel gas is 
supplied to anode electrodes, and a cathode space 
where the oxidation gas is supplied to cathode elec- 
trodes are airtightly constructed in the fuel cell main unit 
1 but the long lapse of time with extended operation 
makes the leakages of a slight amount of oxygen or fuel 
from the cathode space or the anode space into the con- 
tainment vessel 8 unavoidable. Thus with the configu- 
ration described above, the reformer burner exhaust 
gas is either periodically or continuously introduced via 
the purge gas supply pipe 2c to the containment vessel 
8 as the purge gas so that it is possible to remove fuel 
or oxygen which has remained in the containment ves- 
sel 8. 

However, the combustion temperature and the fuel 
amount which are the conditions for combustion of the 
burner 6 vary according to the requirements of plant op- 
eration such as load changes and so if the oxygen which 
is not supplied via the burner oxidation agent supply 
pipe 7b is completely consumed, an excess of oxygen 
will be remained in the burner exhaust gas. 

Accordingly, in addition to the major inert gas com- 
ponent such as nitrogen, no small density of oxygen is 
sometimes included in the burner exhaust gas. 

If fuel which has leaked from the fuel cell main unit 
1 to inside the containment vessel 8 when the burner 
exhaust gas which includes oxygen has been intro- 
duced into the containment vessel 8, the presence of 
oxygen and fuel may create a danger that an abnormal 
chemical reaction such as combustion or explosion will 
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take place inside the containment vessel 8. 

Furthermore, when oxygen which is included in the 
burner exhaust gas, leaks into the fuel cell main unit 1 , 
there may be the danger that the normal electro-chem- 
ical reaction between the anode electrodes and the 
cathode electrodes to produce electrical power will be 
hampered inside the fuel cell main unit 1 . 

FIGS. 2-5 show the different conventional technol- 
ogies. Moreover, the reference numerals in the figures 
correspond to those of FIG. 1 . 

This fuel cell power plant is normally provided with 
a fuel cell main unit 1 which generates a current by the 
chemical reaction shown in FIG. 2, and a reformer 4 
which generates a fuel gas which is supplied to the fuel 
cell main unit 1 . 

The fuel reformer 4 is provided with a reformer 
space 5 comprised of one or more reforming tubes, and 
a burner space 6 which comprises a burner, with the 
steam and reforming fuel being introduced as a mixed 
gas, heated inside the reforming space 5 and reformed 
into a hydrogen-rich gas, and supplied via the pipe 2b 
to the anode space 1 a of the fuel cell main unit 1 . 

The fuel cell main unit 1 is provided with an anode 
space 1a where the fuel gas is supplied to anode elec- 
trodes and a cathode space 1 b where the oxidation gas 
is supplied to cathode electrodes and the fuel cell main 
unit 1 is separated from the atmospheric environment 
by the containment vessel 8 in which the fuel cell main 
unit 1 is contained. 

The oxidation agent of oxygen or air is supplied from 
the oxidation agent supply pipe 2a to the cathode space 
1b, and the hydrogen rich gas and the oxygen react in- 
side the fuel cell main unit 1. The used hydrogen and 
the used oxidation-agent are then respectively dis- 
charged via the pipes 9a and 9b and supplied to the 
burner 6 of the fuel reformer 4. The used fuel and used 
oxidation-agent which are introduced to the burner 6 are 
combusted at the burner 6 supplying with reforming heat 
to the reforming space and the burner exhaust gas is 
then led to outside of the system via the pipe 2d. 

In addition, one portion of the exhaust gas from the 
burner 6 is supplied as a purge gas to each of the con- 
tainment vessel 8 via the pipe 2c. The purge gas which 
is supplied to the containment vessel 8 is discharged via 
the pipe 9 which joins the pipe for the used oxidation- 
agent from the cathode space. 

In general, the anode space 1a and the cathode 
space 1 b of the fuel cell main unit 1 have a sufficient gas 
seal capability but during the long lapse of time with ex- 
tended operation, there may be cases where oxidation 
agent and fuel will leak from the fuel cell main unit 1 to 
the containment vessels 8 and remain there. This may 
create the danger of an abnormal chemical reaction 
such as combustion or explosion in the containment 
vessel 8. In order to avoid the possibility of this danger, 
the containment vessel 8 is periodically or continuously 
purged. 

It is desirable that the purge gas be an inert gas 



such as nitrogen or the like which does not react with 
the fuel or the oxidation agent but it is not easy to store 
a large quantity of nitrogen at high pressure or as liquid 
nitrogen. 

5 There is a known method (Japanese Patent Appli- 
cation Laid-Open No. 226664-1990) wherein the ex- 
haust gas of the burner 6 of the fuel reformer 4 is used 
as the purge gas. 

However, the exhaust gas of the burner 6 of the fuel 
reformer 4 includes as one portion an oxygen compo- 
nent and a flammable component such as the residual 
hydrogen or other hydrocarbons. Since conditions and 
quantity of the combustion to be taken at the reformer 
burner can vary largely in accordance with the load level 
of the plant, the amounts of these residual oxygen or 
flammable components in the burner exhaust gas gen- 
erally fluctuate largely in accordance with the load level. 
Accordingly, depending upon the plant operating condi- 
tions there may be a danger that the oxygen component 
and the flammable component of the waste gas of this 
purge gas as a portion of the burner exhaust gas in the 
containment vessel, may normally or temporarily ex- 
ceed the allowable values and therefore produce an ab- 
normal reaction with the fuel and the oxygen which have 
leaked from the anode space or the cathode space into 
the containment vessel 8. 

FIG. 3 is a system diagram showing a third example 
of a conventional fuel cell power generation plant, and 
in the figure, those portions which are shown with the 
same reference numerals as portions of the configura- 
tion of FIGS. 1 and 2 are either the same or similar and 
so corresponding descriptions thereof are omitted. 

As shown in FIG. 3, a power generation plant ac- 
cording to this third example is provided with a blower 
2e to the purge gas supply pipe 2c which branches off 
from the pipe 2d to discharge the purge gas to the con- 
tainment vessel 8. 

This purge gas is supplied to the containment ves- 
sel 8 for the same purpose as described in FIG. 2, that 
is, to eliminate the danger of an abnormal chemical re- 
action such as combustion or explosion to be occurred 
in the containment vessel 8. There are many instances 
where nitrogen or some other inert gas which has no 
reactivity with the fuel or the oxidation agent is used as 
the purge gas but such inert gases consume a large run- 
ning cost and so less economical. To improve this, a 
burner exhaust gas is reused as a purge gas. Accord- 
ingly, the blower 2e is driven so that the pressure inside 
the containment vessel 8 is maintained at a certain value 
so that the purge gas can be supplied in a suitable status 
with respect to the anode space 1a and the cathode 
space 1b. 

The following is a description of a conventional fuel 
cell power plant according to a fourth example. In FIG. 
4, those portions which are shown with the same refer- 
ence numerals as portions of the configuration of FIGS. 
1 -3 are either the same or similar and so corresponding 
descriptions thereof are omitted. 
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As shown in FIG. 4, the power plant of this fourth 
example also has the fuel processing apparatus 1 0 and 
the air processing apparatus 1 3. The fuel processing ap- 
paratus 1 0 is configured with a high-temperature carbon 
monoxide shift converter 11 and a low-temperature car- 
bon monoxide shift converter 12 which reduce the car- 
bon monoxide concentration in the hydrogen-rich gas 
which is supplied from the fuel reformer 4. The carbon 
monoxide high-temperature shift converter 11 uses a 
shift reaction at 400°C to lower the concentration of car- 
bon monoxide and to raise the concentration of hydro- 
gen. In addition, the low-temperature carbon monoxide 
shift converter 12 uses a shift reaction at 200°C to fur- 
ther raise the concentration of hydrogen in the hydro- 
gen-rich gas. 

When air is used as the oxidation agent of the fuel 
cell main unit 1, the air processing apparatus 13 com- 
presses the air of the atmosphere so as to promote re- 
action as an oxidation agent and supplies it to the cath- 
ode space 1 b and is for example, comprised from an air 
compression apparatus such as a compressor or a 
blower. 

FIG. 5 shows a conventional fuel cell power plant 
according to a fifth example, and in the figure, those por- 
tions which are shown with the same reference numer- 
als as portions of the configuration of FIGS. 1 -4 are ei- 
ther the same or similar and so corresponding descrip- 
tions thereof are omitted. 

In FIG. 5, the purge gas is supplied from the purge 
gas supply source 1 5 to the containment vessel 8 of the 
fuel cell main unit 1 via the purge gas supply pipe 2c. 
The reason for the supply of this purge gas is omitted 
as it has already been given in the preceding descrip- 
tion. Moreover, when one portion of the burner exhaust 
gas which is exhausted from the burner of the reformer 
is used as the purge gas, the configuration for this is the 
same as that shown in FIGS. 1 -4. 

The examples shown in FIGS. 1 -5 all have the prob- 
lem that there may be dangers of an abnormal chemical 
reaction such as combustion or explosion to take place 
inside the containment vessel, where such the abnormal 
chemical reaction will be occurred under the mixture 
condition of fuel or oxidation agent which have leaked 
from the anode space or cathode space into the con- 
tainment vessel 8, with the oxygen component and the 
flammable component included in the purge gas 
branched off from the burner exhaust gas. 

Furthermore, when oxygen which is included in the 
burner exhaust gas, leaks into the fuel cell main unit 1 , 
there may be the danger that the normal electro-chem- 
ical reaction between the anode electrodes and the 
cathode electrodes to produce electrical power will be 
hampered inside the fuel cell main unit 1 . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
fuel cell power plant which eliminates the problems in- 



herent in the conventional technology and definitely re- 
move an oxygen component and a flammable compo- 
nent which are included in a purge gas which is supplied 
to a containment vessel of a fuel cell main unit, and 

5 which enables the containment vessel to be safely and 
effectively purged. Moreover, in this specification, the 
terms "flammable component" and "oxygen component" 
are used in the sense of "combustion element". 

In addition, the present invention has as an object 

10 the provision of a fuel cell power plant which enables 
safe purging of the containment vessel while maintain- 
ing the sound functioning of the fuel cell, in other words, 
the normal electro-chemical reaction to produce electri- 
cal power. 

15 in order to achieve these objectives, the present in- 
vention provides a fuel cell power plant comprising: a 
fuel cell main unit to which a fuel is supplied, a contain- 
ment vessel for housing said fuel cell main unit, a fuel 
reformer including at least a reforming space in which 

20 said fuel is reformed as a reformed fuel gas before being 
supplied to an anode space of said fuel cell main unit 
and a burner which supplies heat for a reforming reac- 
tion in said reforming space, a fuel gas supply pipe for 
supplying said reformed fuel gas from said reforming 

25 space to said anode space of said fuel cell main unit, a 
purge gas supply pipe for supplying reformer burner ex- 
haust gas into the containment vessel, characterised in 
that the fuel cell power plant is also provided with com- 
bustion element removal means provided with said 

30 purge gas supply line for effectively removing combus- 
tion elements in the purge gas before said purge gas is 
introduced into said containment vessel. 

A power plant of a first aspect of the invention is 
provided with an oxygen removal apparatus which ef- 

55 fectively removes oxygen as the combustion element, 
from the purge gas, and which is provided along a purge 
gas supply pipe between the reformer burner and con- 
tainment vessel. 

A fuel cell power plant of a second aspect of the 

40 invention is a fuel cell power plant according to claim 1 
and is characterised in being additionally provided with 
a gas separation apparatus for the separation of carbon 
dioxide gas from the reformed gas or waste fuel gas 
which is discharged from the fuel cell main unit, and 

45 which supplies carbon dioxide gas separated by the gas 
separation apparatus, as a purge gas to the contain- 
ment vessel. 

A fuel cell power plant of a third aspect of the 
present invention is a fuel cell power plant produced with 

50 a fuel cell main unit, a containment vessel which houses 
the fuel cell main unit, and an improver which generates 
reformed gas which is supplied to the fuel cell main unit, 
and is characterized in being provided with a catalytic 
burner for combusting the exhaust gas from the reform- 

55 er burner with the reformed gas from the reforming 
space, and a dehumidifier for dehumidifying the dis- 
charge gas of the catalytic burner, then providing that 
discharge gas as a purge gas to the containment vessel. 
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A fuel cell power plant of a fourth aspect of the in- 
vention is a fuel cell power plant according to claim 1 
and is characterized in being additionally provided with 
a catalytic burner, with the reformed gas and the oxida- 
tion agent gas being combusted in a catalytic burner and 
an exhaust gas discharged from the catalytic burner be- 
ing supplied as a purge gas to the containment vessel. 

A fuel cell power plant of the first aspect of the in- 
vention is provided with an oxygen removal apparatus 
along a purge gas supply pipe, and which effectively re- 
moves oxygen from a purge gas prior to the introduction 
of a purge gas to a containment vessel, thereby enabling 
the sound functioning of the fuel call and safely purging 
the containment vessel. 

A fuel cell power plant of the second aspect of the 
invention uses in addition to the features of claim 1 a 
gas separation apparatus to separate carbon dioxide 
gas from a waste fuel gas discharged from a fuel cell 
main unit, or from a reformed gas, and to supply the car- 
bon dioxide gas as a purge gas to the containment ves- 
sel. 

A fuel cell power plant according to the third aspect 
of the invention uses a catalytic burner to combust a re- 
formed gas which is discharged from a reforming space 
of a reformer, and an exhaust gas which is discharged 
from a reformer burner, and to supply a exhaust gas dis- 
charged from said catalytic burner to a containment ves- 
sel as a purge gas after it has been dehumidified by a 
dehumidifier. 

A fuel cell power plant of the fourth aspect of the 
invention combusts a exhaust gas discharged from a re- 
former burner with a reformed gas discharged from a 
reforming space of a reformer, in a catalytic burner, and 
supplies a exhaust gas discharged from a catalytic burn- 
er, as a purge gas to said containment vessel. 

As has been described above, the fuel cell power 
plant of the present invention is a fuel cell power plant 
configured to supply a fuel of a fuel cell main unit by a 
fuel reformer and houses said fuel cell main unit in a 
containment vessel, with the connection by a purge gas 
supply pipe of the containment vessel and fuel reformer 
introducing the exhaust gas of said fuel reformer burner 
as the purge gas to inside said containment vessel, and 
furthermore, has a combustion element removal means 
provided along said purge gas supply pipe so that com- 
bustion elements (oxygen) are effectively removed from 
said purge gas prior to the introduction of said purge gas 
to inside said containment vessel, thereby enabling the 
sound functioning of the fuel cell. 

In addition, a power plant according to the second 
aspect of the invention uses a gas separation apparatus 
and the carbon dioxide gas which is separated by the 
gas 5 separation apparatus is used as the purge gas to 
therefore remove the flammable component and the ox- 
ygen component in the purge gas to the containment 
vessel of the fuel cell main body, and therefore enable 
the containment vessel to be safely purged. 

In addition, a fuel cell power plant of the third aspect 



of the invention is provided with a dehumidifier and a 
catalytic burner portion inside a purge entrance pipe and 
so even if air for combustion is supplied excessively in 
order to perform stable combustion in a reformer burner, 
5 it is possible for exhaust gas from a catalytic burner por- 
tion to be supplied to a containment vessel as a purge 
gas which does not include an oxygen component or 
which has a safely low concentration of oxygen. 

Afuel cell power plant according to the fourth aspect 
of the invention is additionally provided with a catalytic 
burner to combust air and a hydrogen-rich gas from re- 
formed gas, and to use this combustion exhaust gas as 
a purge gas and therefore enable a purge gas having a 
gas composition having an always low concentration of 
oxygen to be obtained irrespective of the plant load level 
and operation status, and to enable safe and sufficient 
purging of the containment vessel to be performed for 
any status of plant operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the appended figures, 

FIG. 1 is an outline block diagram of a first example 
of a conventional fuel cell power plant; 
FIG. 2 is a system diagram showing a second ex- 
ample of a conventional fuel cell power plant; 
FIG. 3 is a system diagram showing a third example 
of a conventional fuel cell power plant; 
FIG. 4 is a system diagram showing a fourth exam- 
ple of a conventional fuel cell power plant; 
FIG. 5 is a system diagram showing a fifth example 
of a conventional fuel cell power plant; 
FIG. 6 is an outline block diagram of a first embod- 
iment of a fuel cell power plant according to the 
present invention; 

FIG. 7 is an outline block diagram of a second em- 
bodiment of a fuel cell power plant according to the 
present invention; 

FIG. 8 is an outline block diagram of a third embod- 
iment of a fuel cell power plant according to the 
present invention; 

FIG. 9 is a system diagram showing a part of a fuel 
cell power plant according to a fourth embodiment 
of the present invention; 

FIG. 1 0 is a system diagram showing a part of a fuel 
cell power plant according to a fifth embodiment of 
the present invention; 

FIG. 11 is a system diagram showing afuel cell pow- 
er plant according to a sixth embodiment of the 
present invention; 

FIG. 1 2 is a system diagram showing a part of a fuel 
cell power plant according to a seventh embodi- 
ment of the present invention; 
FIG. 1 3 is a system diagram showing a part of a fuel 
cell power plant according to a eighth embodiment 
of the present invention; 

Fig. 14-19 are system diagrams showing fuel cell 
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power plants comprising a catalytic burner in the 
purge gas supply line; the ninth to fourteenth em- 
bodiment shown in fig. 14-19 are not embodiments 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following is a detailed description of preferred 
embodiments of the fuel cell power plant of the present 
invention, with reference to the appended drawings. 

FIG. 6 is an outline block diagram of a fuel cell pow- 
er plant according to a first embodiment of the present 
invention. 

In the same manner as the conventional technolo- 
gy, the fuel cell power plant of the first embodiment has 
the fuel cell main unit 21 connectedtoan oxidation agent 
supply pipe 22a and a fuel supply pipe 22b, the connec- 
tion of the fuel supply pipe 22b to the fuel reformer 24 
supplies fuel from the fuel reformer 24 and via the fuel 
supply pipe 22b. 

In addition, the fuel cell power plant according to a 
first embodiment of the present invention has the fuel 
cell main unit 21 housed in the containment vessel 28 
and this containment vessel 28 is connected to a reform- 
er burner 26 via a purge gas supply pipe 22c so that 
exhaust gas of the burner 26 is introduced as a purge 
gas to inside the containment vessel 28 in a configura- 
tion where the inside of the containment vessel 28 is 
maintained at a required pressure. 

Furthermore, the fuel cell power plant according to 
a first embodiment of the present invention is provided 
along the purge gas supply pipe 22c, with an oxygen 
removal means 30 which effectively removes oxygen 
from the purge gas prior to the introduction of the purge 
gas to the containment vessel 28. 

The oxygen removal means 30 is configured so as 
to remove the oxygen included in the purge gas, by the 
burner means 31 . 

The burner means 31 is provided with a catalytic 
burner 32 along the purge gas supply pipe 22c. 

The burner means 31 is configured so as to con- 
sume the oxygen which is included in the purge gas 
which has been sent from the reformer burner 26 via the 
purge gas supply pipe 22c, to combust the fuel which 
has been sent from the fuel supply pipe 33, in the cata- 
lytic burner 32. 

In addition, the burner means 31 has the purge gas 
supply pipe 22c downstream of the catalytic burner 32, 
provided with an oxygen concentration measurement 
means 34 to measure the oxygen concentration after 
combustion. 

Furthermore, the burner means 31 is provided with 
a control apparatus 35 which is configured as to drive 
the control valve 36 and adjust the amount of fuel so 
that the value for the measured concentration of oxygen 
is substantially zero. 

The following description describes the purging of 



the inside of the containment vessel 28 using a fuel cell 
power plant according to a first embodiment of the 
present invention. 

As described for the prior art, the fuel cell main unit 
5 21 requires hydrogen rich gas as the fuel and this hy- 
drogen rich gas is generated in the reforming space 25 
of the fuel reformer 24 by means of reforming the meth- 
ane gas or other hydrocarbon fuels, and this hydrogen 
rich gas is supplied to the fuel cell main unit 21 via the 
fuel supply pipe 22b. 

On the other hand, in addition to hydrogen, the fuel 
cell main unit 21 requires oxygen as the oxidation agent, 
and this oxygen agent such as air is supplied via the 
oxidation agent supply pipe 22a. 

Generating the hydrogen rich gas in the fuel reform- 
er 24 involves passing the methane gas or other hydro- 
carbon fuel gas for reforming through a reforming space 
25 via a reforming fuel supply pipe 27a, and introducing 
a fuel oxidation agent such as air and a burner fuel to 
the reformer burner 26 via the burner fuel supply pipe 
27c, and the burner heat is supplied to the reforming 
reaction to be occurred in the reforming space 25. 

On the other hand, the exhaust gas which is ex- 
hausted from the burner 26 has one portion removed 
and discharged to outside of the system, while the re- 
mainder is sent to the catalytic burner 32. 

In the catalytic burner 32, the fuel is supplied via the 
fuel supply pipe 33 and so the fuel is combusted inside 
the catalytic burner 32 and the oxygen which is included 
in the reformer burner exhaust gas is consumed in the 
combustion. 

The control apparatus 35 opens the control valve 
36 to increase the amount of fuel supplied if the oxygen 
concentration in the exhaust gas which flows through 
the purge gas supply pipe 22c has not dropped to a re- 
quired level, and increases the amount of oxygen con- 
sumed in the catalytic burner 32. 

Conversely, if the oxygen concentration in the ex- 
haust gas has dropped to a required level, the control 
apparatus 35 maintains the amount of opening of the 
control valve 36. 

In this manner, the control apparatus drives the con- 
trol valve 36 so that the oxygen concentration of the ex- 
haust gas which flows along the purge gas supply pipe 
22c is practically zero, or is less than a required concen- 
tration. 

The concentration of the oxygen which is included 
in the exhaust gas which flows into the containment ves- 
sel 28 is either practically zero or has dropped to less 
than a required concentration and so for example, even 
if fuel has leaked from the fuel cell main unit 21 into the 
containment vessel 28, this leaked fuel does not cause 
an abnormal reaction and can be safely purged from the 
containment vessel 28. 

The following is a description of a second embodi- 
ment of a fuel cell power plant according to the present 
invention. Moreover, those portions which are shown 
with the same reference numerals as portions of the first 
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embodiment are either the same or similar and so cor- 
responding descriptions thereof are omitted. 

FIG. 7 is an outline block diagram of a second em- 
bodiment of a fuel cell power plant according to the 
present invention. 

In the second embodiment of a fuel cell power plant 
according to the present invention, an oxygen removal 
apparatus is provided along the purge gas supply pipe 
22c in the same manner as for the first embodiment, in 
a configuration whereby the oxygen is effectively re- 
moved from the purge gas prior to the introduction of the 
purge gas to the containment vessel 28. 

The oxygen removal means 30 is configured by a 
burner means 31 which removes the oxygen which is 
included in the purge gas. 

The burner means 31 has a catalytic burner 32 pro- 
vided along the purge gas supply pipe 22c and the cat- 
alytic burner 32 uses the oxygen which is included in the 
purge gas from the purge gas supply pipe 22c to com- 
bust the fuel which is sent from the fuel supply pipe 33. 

In addition, the burner means 31 has a flow meas- 
urer 37 and an oxygen concentration measurer 34 pro- 
vided to the purge gas supply pipe 22c on the upstream 
side of the catalytic burner 32 and measure the flow 
amount and the oxygen concentration of the burner ex- 
haust gas prior to it being burnt in the catalytic burner 32. 

The burner means 31 is provided with a control ap- 
paratus 35, which uses the measured values for the ox- 
ygen concentration and the flow amount to calculate the 
amount of oxygen included in the waste gas and to drive 
the control valve 36 so that practically all of the calcu- 
lated amount of oxygen is consumed in the catalytic 
burner 32, and thereby adjust the amount of fuel. 

The following is a description of the purging of the 
inside of the containment vessel 28 in the fuel cell power 
plant according to a second embodiment of the present 
invention. 

As described for the first embodiment, the exhaust 
gas which is exhausted from the reformer burner 26 has 
one portion of the exhaust gas removed to and dis- 
charged to outside of the system while the remainder is 
sent to the catalytic burner 32 but in this second embod- 
iment, the values for the gas flow and the oxygen con- 
centration measured by the flow measurer 37 and oxy- 
gen concentration measurer 34 are used to measure the 
concentration of oxygen included in the waste gas prior 
to it entering the catalytic burner 32. 

The control apparatus 35 uses these values for the 
flow amount and the oxygen concentration to calculate 
the amount of oxygen and to also calculate the amount 
of fuel required to consume the oxygen amount. 

Then, the control apparatus 35 drives the control 
valve 36 so that amount of fuel enters the catalytic burn- 
er 32. 

Accordingly, fuel to exactly the amount whereby the 
oxygen which is included in the purge gas supply pipe 
22c is supplied to the catalytic burner 32 via the fuel sup- 
ply pipe 33 and so an exhaust gas from which practically 



all of the oxygen has been removed is discharged. 

The concentration of the oxygen which is included 
in the exhaust gas which flows into the containment ves- 
sel 28 is practically zero and so for example, even if fuel 
5 flows from the fuel cell main unit 21 into the containment 
vessel, this leaked fuel does not react abnormally and 
the containment vessel 28 can be safely purged. 

FIG. 8 is an outline block diagram of a third embod- 
iment of a fuel cell power plant according to the present 
invention, and in the figure, those portions which are 
shown with the same reference numerals as portions of 
the configuration of FIGS. 1 and 2 are either the same 
or similar and so corresponding descriptions thereof are 
omitted. 

In the third embodiment of a fuel cell power plant 
according to the present invention, an oxygen removal 
apparatus is provided along the purge gas supply pipe 
22c in the same manner as for the first and second em- 
bodiments, in a configuration whereby the oxygen is ef- 
fectively removed from the purge gas prior to the intro- 
duction of the purge gas to the containment vessel 28. 

The oxygen removal means 30 is configured so that 
the oxygen which is included in the purge gas is re- 
moved by the oxygen removal means 31 . 

The oxygen removal means 31 can be an oxygen 
absorbing agent which absorbs oxygen, or it can be an 
oxygen reactive agent which causes a chemical reac- 
tion with the oxygen to consume the oxygen. 

The following is a description of the operation for 
purging the containment vessel 28 of a fuel cell power 
plant according to a third embodiment of the present in- 
vention. 

As described for the first and second embodiments, 
with the exception of one porticn which is discharged to 
outside of the system, the exhaust gas which is exhaust- 
ed from the reformer burner 26 is supplied to the oxygen 
removal means 31 where the oxygen which is included 
in the exhaust gas is trapped or consumed, so that the 
amount of oxygen which is included in the waste gas is 
practically zero at the exit of the oxygen removal means 
31 . 

The concentration of oxygen which is included in 
the exhaust gas which enters into the containment ves- 
sel 28 is practically zero and so for example, even if fuel 
flows from the fuel cell main unit 21 into the containment 
vessel, this leaked fuel does not react abnormally and 
the containment vessel 28 can be safely purged. 

In this previously described second embodiment, 
the flow measurer 37 and oxygen concentration meas- 
urer 34 are arranged in the direction of flow of the waste 
gas but the order of arrangement is arbitrary. 

FIG. 9 is a system diagram showing part of a fuel 
cell power plant according to a fourth embodiment of the 
present invention. 

In FIG. 9, the reference numeral 40 indicates a fuel 
cell main unit 40 which generates a current by producing 
an electrochemical reaction, and this fuel cell main unit 
40 is housed inside a containment vessel 41. The fuel 
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cell main unit 40 is configured so that a cathode space 

43 and an anode space 42 which contain porous elec- 
trode materials sandwich an electrolyte which is not 
shown in the figure. A hydrogen-rich gas which is gen- 
erated by reforming of methane gas or the like, is sup- 
plied as fuel to the anode space 42 after passing along 
an external pipe 44, while oxygen or air as the oxidation 
agent is supplied as the oxidation agent to the cathode 
space 43 via an external pipe 46. 

In addition, the fuel and the oxidation agent react in 
the fuel cell main unit 40 and waste fuel and waste oxi- 
dation agent are discharged via the pipes 48 and 49. 

In addition, one portion of the reformed gas which 
is supplied to the pipe 44 is supplied to a gas separation 
apparatus 50 via the pipe 44a as a source gas for the 
purge gas, and has the carbon dioxide separated from 
it. This separated carbon dioxide is supplied to the con- 
tainment vessel 41 via a pipe 45 as the purge gas, and 
the purge gas from the containment vessel 41 is dis- 
charged via the purge waste gas pipe 47 which joins the 
waste fuel system pipe 48. 

Moreover, the gas separation apparatus 50 can use 
some other separation method such a chemical or phys- 
ical method having a separation film for example. 

The following is a description of a fourth embodi- 
ment. 

One portion of the gas which flows through the pipe 

44 of the reformed gas system has the carbon dioxide 
separated from it with the gas separation apparatus 50 
which is a porous film or the like. The separated carbon 
dioxide is supplied to the containment vessel 41 as the 
purge gas, and either performs constant or periodic 
purging of the fuel and the oxidation agent which has 
the possibility of remaining inside the containment ves- 
sel 41 . The purge gas is discharged via the pipe 47, and 
joins the pipe 48 of the waste fuel system. 

According to this configuration of the fourth embod- 
iment, there is provided the gas separation apparatus 
50 to separate the carbon dioxide and so it is possible 
to separate the carbon dioxide from one portion of the 
reformed gas with this gas separation apparatus 50. The 
supply of this carbon dioxide as the purge gas to the 
containment vessel 41 enables the removal of flamma- 
ble components and the oxygen component in the purge 
gas without there being any adverse influence. As a re- 
sult, the danger of there being an abnormal reaction due 
to the fuel and the oxidation agent leaking into the con- 
tainment vessel 41 from the fuel cell main unit 40 is 
avoided, and it is possible to have the safe purging of 
the containment vessel 41 . 

The following is a description of a fifth embodiment 
of the present invention, with reference to FIG. 10. 

In FIG. 10, one portion of the waste fuel which is 
discharged from the anode space 42 of the fuel cell main 
unit 40 is discharged via the pipe 48 and is supplied to 
a blower 51 . After the pressure has been raised by this 
blower 51 , the waste fuel is supplied to the gas separa- 
tion apparatus 50 via the pipe 52, and the carbon dioxide 



is separated. The operation after the gas separation ap- 
paratus 50 is the same as that of the fourth embodiment. 

According to this fifth embodiment, it is possible to 
separate the carbon dioxide from the waste fuel which 
5 is discharged from the fuel cell main unit 40 and there- 
fore effectively generate a purge gas. 

Moreover, in this fourth and fifth embodiment, the 
purge gas which is discharged from the containment 
vessel 41 passes through the pipe 47 and joins the pipe 
10 48 of the waste fuel system but it can alternatively join 
the pipe 49 of the waste air system, or can be discharged 
to outside. 

The following is a description of a sixth through 
eighth embodiments of the present invention, with ref- 
15 erence to FIGS. 1 through FIG. 1 3. These sixth through 
eighth embodiments of the present invention are for the 
elimination of the conventional problems described be- 
low. 

More specifically, the exhaust gas from the reformer 
20 burner 56 generally has a water component with the 
high value of 10-20% since the main component of the 
waste fuel from the anode space 42 and which is sup- 
plied as fuel to the burner 56 of the reformer 54 is hy- 
drogen. When such reformer burner exhaust gas is used 
25 as the purge gas for the containment vessel 41 of the 
fuel cell main unit 40, heat is discharged locally in the 
containment vessel 8 of or the purge gas pipe 2c as 
shown in FIG. 3, and there is a problem that the water 
component inside the gas easily condenses to cause 
30 drain. 

For example, when the operating pressure inside 
the system in such a plant is5ata., the water component 
pressure of 20% of the purge gas is 1 ata, and is equiv- 
alent to a saturation pressure at 100°C. This is to say 

55 that drain is generated at places in the purge gas pipe 
2c and in the containment vessel 41 where the local tem- 
perature is less than 100°C. 

The generation of drain is harmful for the purge gas 
supply pipe 2c, the blower 2e and the containment ves- 

40 sel 8. More specifically, there is drain blockage for the 
purge gas supply pipe 2c so that there is the problem of 
safety of the fuel cell main unit should there be no flow 
of purge gas. 

In addition, there is also the danger of blower de- 

45 struction caused by drain attack on the impeller of the 
blower. Furthermore, the condensate water inside the 
containment vessel 8 degrades the insulation between 
the containment vessel 8 which is at ground potential 
and the cathode space 1 b and the anode space la which 

50 are generally at a high potential, and operation of the 
power plant cannot be continued if an abnormal current 
flows. Accordingly, there is the danger that the reliability 
of the fuel cell power plant will deteriorate if there is drain 
generation inside the purge gas. 

55 The following is a description of the sixth through 
eighth embodiments of the present invention. 

The description will begin for a sixth embodiment, 
with reference to FIG. 11 . 
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In FIG. 11, the fuel cell main unit 40 is provided with 
an anode space 42 and the cathode space 43, and the 
fuel cell main unit 40 is separated from the surrounding 
environment by the containment vessel 41 in which the 
fuel cell main unit 1 is contained. When there is power 
generation operation of the fuel cell, the fuel cell main 
unit 40 which generally has a layered structure, is at a 
high potential with respect to earth, while the contain- 
ment vessel 41 is connected to the ground for safety 
reasons and is at ground potential. There is therefore a 
potential difference between the anode space 42 and 
the cathode space 43. 

The reformer 54 is configured from a reforming 
space 55 and a burner 56, and a reforming fuel such as 
methanol or natural gas or the like is supplied along with 
steam to the reforming space 55 via a pipe 57, and gen- 
erates a hydrogen-rich gas by steam reforming reaction. 
This reformed hydrogen-rich gas is then supplied to the 
anode space 42 via a pipe 44. Inside the fuel cell main 
unit 40, this reformed gas and the air which is supplied 
to the cathode space 43 as the oxidation agent via the 
pipe 46, react and the remaining components which are 
not consumed are discharged via the pipes 48 and 49 
as waste fuel and waste air. The burner 56 of the reform- 
er 54 has the function of supplying heat generated by 
combustion to the reforming space 55 as reforming heat 
for the steam reforming reaction, but in order to increase 
the efficiency of the fuel cell power plant, the waste fuel 
of the anode space 42 is supplied as a fuel for the burner 
56 via the pipe 48a. The combustion air of the burner 
56 is supplied by the pipe 46a. The exhaust gas which 
is combusted in the burner 56 is discharged to outside 
of the system via a pipe 58 but one portion of this is 
supplied via the blower along the purge gas pipe 59, to 
the containment vessel 41 of the fuel cell main unit 40, 
and the purge gas which passes the containment vessel 
41 is discharged along the pipe 47. 

The operation for up till here is the same as that for 
the conventional fuel cell power plant shown in FIG. 3. 

The feature of this embodiment is that the purge gas 
inlet pipe 59 is provided with a dehumidifier 60 and, up- 
stream therefrom, a catalytic burner 62. 

A specific configuration of the dehumidifier 60 can 
be such that a water separation film, a water absorbing 
agent or a chemical water absorbing agent or the like 
can be used. 

One portion of the reformer exhaust gas which is 
discharged from the burner 56 of the reformer 54 is sup- 
plied to the catalytic burner 62 via the pipe 59. In addi- 
tion, the fuel for combustion in the catalytic burner 62 is 
one portion of the reformed gas which is discharged 
from the reforming space 55 of the reformer 54 and 
which is supplied to the catalytic burner 62 via the pipe 
44a. The oxygen component which remains inside the 
exhaust gas which is discharged from the reformer bu rn- 
er 56 reacts inside the catalytic burner 62, with the re- 
formed gas which is discharged from the reforming 
space 55, and produces carbon dioxide and water. The 



fuel for combustion in the catalytic burner 62 can use 
one portion of the waste fuel from the anode space 42 
of the fuel cell main unit 40. 

The exhaust gas which is discharged from the cat- 
5 alytic burner 62 is supplied as a purge gas to the con- 
tainment vessel 41 of the fuel cell main unit 40 and via 
the dehumidifier 60 and the blower 61 . 

The following is a description of the operation of the 
sixth embodiment. 

In general, one portion of the exhaust gas which is 
discharged from the burner 56 of the reformer 54 in a 
fuel cell power plant, is used as the purge gas for the 
containment vessel 41 and so it is desirable that this 
exhaust gas have as low a concentration of oxygen as 
possible. 

On the other hand, the amount of combustion in the 
reformer burner 56 changes greatly and transitionally in 
accordance with the load level of the plant. Because of 
this, the continuous performance of safe combustion in 
the reformer burner 56 sometimes entails the supply of 
excess quantities of air for combustion via the pipe 46a. 

In these cases, the concentration of the remaining 
oxygen in the exhaust gas which is discharged from the 
reformer burner 56 must be suitably small since this ex- 
haust gas will be used as the purge gas. 

In the embodiment shown in FIG. 11, a catalytic 
burner 62 is provided to the purge gas inlet pipe 59 and 
the residual oxygen component in the exhaust gas 
which is discharged from the reformer burner 56 is con- 
sumed in the catalytic burner 62. As a result, it is possi- 
ble for the exhaust gas which is discharged from the cat- 
alytic burner 62 to be supplied to the containment vessel 
41 as a purge gas which either contains no oxygen com- 
ponent concentration, or which has a very low concen- 
tration. 

Moreover, in this embodiment, some water is pro- 
duced in the combustive reactor in the catalytic burner 
62. Because of this, the water component ratio in the 
exhaust gas which is discharged from the catalytic burn- 
er 62 is higher than the water component ratio of the 
exhaust gas from the reformer burner 56 and there is 
an increased danger that there will be the generation of 
drain. However, in this embodiment, the dehumidifier 60 
is provided downstream of the catalytic burner 62 and 
so it is possible to reduce the water component ratio in 
the purge gas after the purge gas has passed through 
the dehumidifier 60. By this, it is possible to prevent the 
generation of drain in the purge gas. 

According to the configuration of this sixth embod- 
iment, a catalytic burner 62 is provided to the purge gas 
inlet pipe 59 ad a dehumidifier 60 is provided to the 
downstream side of the catalytic burner 62 and so even 
if there is the excess supply of air for combustion via the 
pipe 46a and so that stable combustion can be per- 
formed in the burner 56 of the reformer 54, it is possible 
for the exhaust gas which is discharged from the cata- 
lytic burner 62 to be supplied to the containment vessel 
41 as a purge gas which either does not include an ox- 
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ygen component or which has a sufficiently low concen- 
tration. 

Moreover, in this case, a catalytic burner 62 is pro- 
vided to the purge gas inlet pipe 59 and the dehumidifier 
60 is provided on the downstream side of the catalytic 
burner 62 and so there is no adverse influence due to 
drain inside the containment vessel 41, the blower 61 
or the piping. As a result, it is possible to provide a fuel 
cell power plant which realizes a high reliability. 

The following is a description of a seventh embod- 
iment of the present invention, with reference to FIG. 1 2. 

In addition to the dehumidifier 60, FIG. 12 shows a 
specific configuration of af uel cell power plant according 
to a seventh embodiment of the present invention. In 
FIG. 12, the purge gas is made to flow through a con- 
denser 63, a water component separator 64 and a heat 
exchanger 65 in a configuration where the water com- 
ponent in the gas is removed. The purge gas is cooled 
by the condenser 63 and has the drain separated at the 
water component separator 64 and is then reheated at 
the heat exchanger 65 and is sent as an superheated 
gas. There is thus no danger of drain occurring down- 
stream. 

By the use of a configuration such as this for the 
dehumidifier 60, it is possible to obtain the same effect 
as for the sixth embodiment. 

The following is a description of a fuel cell power 
plant according to a eighth embodiment of the present 
invention. 

FIG. 13 is a system diagram showing a fuel cell 
power plant according to a eighth embodiment of the 
present invention and including adehumidifier 60. In this 
eighth embodiment, there is provided a contact cooler 
66 instead of the condenser 63 and the water compo- 
nent separator 64 of FIG. 1 2. In this case, the purge gas 
has the drain separated by the contact cooler 66, is re- 
heated by the heat exchanger 65 and sent as a super- 
heated gas. 

By the use of a configuration such as this for the 
dehumidifier 60, it is possible to obtain the same effect 
as for the sixth embodiment. 

The following is a description of a fuel cell power 
plant according to ninth through fourteenth embodiment 
not according to the present invention, with reference to 
FIGS. 1 4-1 9. These fuel cell power plants according to 
the ninth through fourteenth embodiments are for the 
elimination of the conventional problems described be- 
low. 

More specifically, in a conventional fuel cell power 
plant (Refer to FIG. 4) which uses the burner exhaust 
gas discharged from the burner 6 of the reformer 4 as 
the purge gas of the containment vessel, there are large 
changes in the amount of combustion heat of the reform- 
er burner 6, depending of the operation conditions of the 
plant and sothe oxygen concentration in the combustion 
exhaust gas is not constant, and in particular, will fluc- 
tuate largely due to changes in the load level. Because 
of this, there is also a large change in the oxygen con- 



centration in the purge as inside the containment vessel 
8 and when this change causes the oxygen concentra- 
tion to exceed a certain level, there is the problem that 
it is no longer possible for the containment vessel 8 to 

5 be safely purged. 

The following is a description of the ninth through 
fourteenth embodiments starting with a description of a 
ninth embodiment, with reference to FIG. 14. In FIG. 14, 
the anode space 42 and the cathode space 43 for a lay- 

10 ered structure of the fuel cell main unit 40 which is 
housed in the containment vessel 41 . The anode space 

42 is supplied with a hydrogen-rich gas from the fuel 
processing apparatus 70, and the cathode space 43 is 
supplied with the oxidation agent gas from the air 

15 processing apparatus. In this fuel cell main unit 40, pow- 
er is produced by the electrochemical reaction between 
this hydrogen gas and the oxidation agent gas. 

The hydrogen which is necessary at the anode 
space 42 is supplied from the fuel processing apparatus 

20 70. The fuel processing apparatus 70 is configured from 
a reformer 54, a high-temperature carbon monoxide 
shift converter 71 and a low-temperature carbon mon- 
oxide shift converter 72. The reformer 54 comprises a 
reforming space 55 where the source fuel of natural gas 

25 or the like is heated to a temperature of 600-800°C and 
generates a hydrogen-rich gas by the steam reforming 
reaction, and a burner 56 which supplies the heat nec- 
essary for the reforming reaction. 

The hydrogen-rich gas which is the reformed gas 

30 from the reformer 54 has its hydrogen concentration 
raised and the carbon monoxide concentration lowered 
by a shift reaction in the low-temperature carbon mon- 
oxide shift converter 72 and the high-temperature car- 
bon monoxide shift converter 71 downstream. In the 

35 high-temperature carbon monoxide shift converter 71, 
there is a shift reaction at a temperature of 400°C while 
in the low-temperature carbon monoxide shift converter 
72 there is a shift reaction at a temperature of approxi- 
mately 200°C. The hydrogen-rich gas which is dis- 

40 charged from the low-temperature carbon monoxide 
shift converter 72 is supplied to the anode space 42. 

The waste fuel which contains the un reacted com- 
ponent from the anode space 42 is effectively used as 
fuel for combustion in the burner 56 of the reformer 54 

45 to supply heat to the reforming space 55. 

Air is normally used as the oxidation agent gas 
which is supplied to the cathode space 43 and so air 
from the atmosphere is supplied to the cathode space 

43 via the air processing apparatus 73. An air compres- 
50 sion apparatus such as a compressor or a blower or the 

like can be used for example, as the air processing ap- 
paratus 73. 

The hydrogen rich gas discharged from the low- 
temperature carbon monoxide shift converter 72 is 
55 branched with one portion being supplied to the catalytic 
burner 74 via the pipe 44a. On the other hand, one por- 
tion of the air from the air processing apparatus 73 is 
supplied to the catalytic burner 74 and catalytic combus- 
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tion occurs with the hydrogen rich gas supplied to the 
catalytic burner 74. Here, the flow settings for the air and 
the hydrogen rich gas are performed by a orifice means 
or the like in accordance with the necessity of the re- 
spective lines. The combustion exhaust gas discharged 
from the catalytic burner 74 is supplied to the contain- 
ment vessel 41 as a purge gas via the pipe 45. 

Moreover, in this ninth embodiment, the example 
used a catalytic burner 74 but instead of the catalytic 
burner 74, it is possible to have a configuration using a 
normal burner such as a burner or the like. This also 
applies to the embodiments described below. 

The following is a description of the operation of a 
ninth embodiment. 

The gas composition of the hydrogen rich gas of the 
fuel processing apparatus 70 is generally constant irre- 
spective of the load level and the operation status of the 
plant, and there is a constant oxygen concentration in 
the composition of the atmospheric air. Accordingly, the 
continuous combustion of a constant amount of hydro- 
gen rich gas and a constant amount of air in a catalytic 
burner 74 enables a purge gas constantly having a sub- 
stantially low or no concentration of oxygen to be ob- 
tained as a exhaust gas of the catalytic burner 74. 

More specifically, the hydrogen gas concentration 
of the hydrogen-rich gas obtained from the fuel process- 
ing apparatus 70 is generally constant and the oxygen 
concentration in the air obtained from the air processing 
apparatus is also practically constant and so as a result 
of combusting the respectively constant amounts of hy- 
drogen rich gas and air are in the catalytic burner 74, 
the exhaust gas which is discharged from the catalytic 
burner 74 has a gas composition for with a stable low 
or no oxygen concentration irrespective of the load level 
and the operation status of the plant. Accordingly, the 
supply of the exhaust gas discharged from the catalytic 
burner 74, as the purge gas to the containment vessel 
41 enables the containment vessel 41 to be stably 
purged. 

According to the configuration of this embodiment, 
there are provided a catalytic burner 74 and the hydro- 
gen rich gas obtained from the fuel processing appara- 
tus 70 is combusted in the catalytic burner 74 along with 
the air from the air processing apparatus 73 so that the 
combustion exhaust gas discharged from the catalytic 
burner 74 is supplied as the purge gas to the contain- 
ment vessel 41 and so it is possible for safe and definite 
purging to be performed for all plant operation statuses 
by a purge gas which has a gas composition having a 
stably low or no oxygen concentration irrespective of the 
load level and the operation status of the plant. 

The following is a description of an tenth embodi- 
ment with reference to FIG. 15. 

In FIG. 15, a cooler 75 and a steam separator 76 
are provided between the catalytic burner 74 and the 
containment vessel 41. Moreover, FIG. 15 shows the 
case where both the cooler 75 and the steam separator 
76 are provided but when only the cooler 75 is provided, 



a condenser combining the cooler 75 can be steam sep- 
arator 76. 

According to the configuration of this tenth embod- 
iment, there is the same effect as the ninth embodiment. 
5 In addition, the cooler 75 or the steam separator 76 are 
provided and so it is possible to control the temperature 
of the combustion exhaust gas from the catalytic burner 
74 so that it is less than the allowable high limit level for 
the temperature of the fuel cell. In addition, this combus- 
tion exhaust gas is dried by the cooler 75 and the steam 
separator 76 prevents the problem of drain in the purge 
line from occurring. 

The following is a description of an eleventh embod- 
iment, with reference to FIG. 16. 

As shown in FIG. 16, in addition to the catalytic 
burner 74, cooler 75 and the steam separator 76, the 
eleventh embodiment is provided with a condenser 77 
downstream of the low-temperature carbon monoxide 
shift converter 72. 

The hydrogen rich gas which is discharged from the 
condenser 77 is sent to the anode space 42 and the cat- 
alytic burner 74 by the pipe 12e. 

According to the configuration of this eleventh em- 
bodiment, the hydrogen rich gas from the downstream 
side of the condenser 77 is branched and so the water 
component in the hydrogen rich gas is reduced. As a 
result, it is possible to make smaller the cooler 75 and 
the steam separator 76. In addition, the effect is the 
same as that of the ninth embodiment. 

Moreover, the place where the hydrogen rich gas is 
taken from the fuel processing apparatus 70 is not lim- 
ited to the downstream side of the low-temperature car- 
bon monoxide shift converter 72 as was the case for the 
ninth and tenth embodiments, but can be from the down- 
stream side of the condenser 16, as in the case of the 
twelfth embodiment shown in FIG. 16, and furthermore, 
can be taken from the downstream side of the high-tem- 
perature carbon monoxide shift converter 71 or the 
downstream side of the reforming space 55 of the re- 
former 54. 

The following is a description of a fuel cell power 
plant according to a twelfth embodiment. 

As shown in FIG. 1 7, the configuration of this twelfth 
embodiment is similar to that of the terth embodiment 
shown in FIG. 15. However, the twelfth embodiment is 
also provided with a means which branches one portion 
of the purge gas by a pipe 45a from between the down- 
stream side of the steam separator 76 and to the con- 
tainment vessel 41 , which passes this branched purge 
gas to return it to the upstream side of the catalytic burn- 
er 74 via a blower 78 and to recirculate it. 

According to the configuration of this twelfth embod- 
iment, it is possible to lower the combustion temperature 
of the catalytic burner 74 by the recirculation of the purge 
gas and so it is possible to lower the material cost of the 
catalytic burner 74. The effects of the ninth embodiment 
can also be obtained. 

In FIG. 18, there is provided a means by which the 
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purge gas which is discharged from the outlet of the con- 
tainment vessel 41 is branched by the pipe 47a and one 
portion of it is returned to the upstream side of the cat- 
alytic burner 74 via the blower 78 and recirculated. 

According to this thirteenth embodiment, it is possi- 
ble to lower the combustion temperature in the catalytic 
burner 74 by the recirculation of the purge gas. In addi- 
tion, when compared with the twelfth embodiment 
shown in FIG. 17, it is possible to increase the amount 
of purge gas which is supplied to the containment vessel 
41 . The other effects of the ninth embodiment can also 
be obtained, 

The following is a description of a fuel cell power 
plant according to a fourteenth embodiment with refer- 
ence to FIG. 19. In FIG. 19, the line which branches 
which the hydrogen rich gas from the downstream side 
of the low-temperature carbon monoxide shift converter 
72 is provided with a flow detection apparatus 79 and a 
control valve 80. Also, the line which supplies air from 
the air processing apparatus 73 to the catalytic burner 
74 is provided with a control valve 81 while the line of 
the combustion exhaust gas which is discharged from 
the catalytic burner 74 is provided with a gas concen- 
tration meter 82. The flow detection signals measured 
by the flow detection apparatus 79 are sent to the control 
apparatus 83, and the control valve 80 is opened or 
closed so that those detection signals are in agreement 
with a flow set value which has been set beforehand. In 
addition, the detection signals of the gas concentration 
meter 82 are also sent to the control apparatus 83 and 
the control valve 81 is opened or closed by those detec- 
tion values. 

According to the configuration of this embodiment, 
the flow amount of the purge gas to the containment ves- 
sel 41 can be controlled to the set value and it is possible 
to purge the containment vessel 41 using a suitable flow 
amount. In addition, there are also the effects of the 
tenth embodiment. 



Claims 

1. A fuel cell power plant comprising: 

a fuel cell main unit to which a fuel is supplied; 
a containment vessel for housing said fuel cell 
main unit; 

a fuel reformer including at least a reforming 
space in which said fuel is reformed as a re- 
formed fuel gas before being supplied to an an- 
ode space of said fuel cell main unit and a burn- 
er which supplies heat for a reforming reaction 
in said reforming space; 
a fuel gas supply pipe for supplying said re- 
formed fuel gas from said reforming space to 
said anode space of said fuel cell main unit; 
a purge gas supply pipe for supplying reformer 
burner exhaust gas into the containment ves- 



characterised in that the fuel cell power plant is 
also provided with combustion element remov- 
al means provided with said purge gas supply 
5 pipe for effectively removing combustion ele- 

ments in the purge gas before said purge gas 
is introduced into said containment vessel. 

2. The fuel cell power plant according to claim 1 
10 wherein: 

the combustion element removal means com- 
prises a gas separation apparatus which is pro- 
vided to said fuel gas supply pipe and sepa- 
ls rates carbon dioxide gas included in said re- 
formed fuel gas; 

said carbon dioxide being supplied as said 
purge gas into said containment vessel. 



20 3. The fuel cell power plant according to claim 1 ; 

wherein said fuel cell power plant further com- 
prises: 

a used fuel gas exhaust pipe for exhausting 
25 from said fuel cell main unit a used fuel gas 

which is generated after said reformed fuel gas 
is supplied to the anode space of said fuel cell 
main unit and is used for power generation; 
a gas separation apparatus which is provided 
30 to said used fuel gas exhaust pipe and sepa- 

rates a carbon dioxide gas included in said 
used fuel gas; and 

a purge gas supply pipe for connecting said gas 
separation apparatus and said containment 
55 vessel in order to supply as said purge gas said 

carbon dioxide gas which is separated by said 
gas separation vessel, into said containment 
vessel. 

40 4. The fuel cell power plant of any of claims 1 to 3; 

wherein said combustion elements include 
oxygen, and said combustion element removal 
means comprises oxygen removal means which is 
provided along said purge gas supply pipe. 

45 

5. The fuel cell power plant of claim 4: 

wherein said oxygen removal means com- 
prises oxygen adsorption means including an ad- 
sorbent agent to remove said oxygen by an adsorp- 
50 tion with said oxygen. 

6. The fuel cell power plant of claim 4 or 5: 

wherein said oxygen removal means com- 
prises combustor means for removing said oxygen 
55 which is included in said purge gas by means of a 
consumption of said oxygen by a combustion. 

7. The fuel cell power plant of claim 6: 
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wherein said combustor means comprises a 
catalytic combustor including a catalyst to hasten a 
reaction in said combustion for removing said oxy- 
gen included in said purge gas. 

8. A fuel cell power plant according to claim 1 : 

wherein said fuel cell power plant further com- 
prises a gas separation apparatus for separat- 
ing carbon dioxide gas which is included in the 
burner exhaust gas; and 
said purge gas supply pipe connects said gas 
separation apparatus and said containment 
vessel to supply as said purge gas said carbon 
dioxide gas which is separated by said gas sep- 
aration apparatus, to said containment vessel. 



dit combustible est reforme en un gaz combus- 
tible reforme avant d'etre amene a un espace 
d'anode de ladite unite principale de piles a 
combustible et un bruleur qui fournit de la cha- 
5 leur pour une reaction de reformage dans ledit 

espace de reformage; 

une tubulure d'amenee de gaz combustible 
pour amener dudit espace de reformage ledit 
gaz combustible reforme vers ledit espace 
10 d'anode de ladite unite principale de piles a 

combustible; 

une tubulure d'amenee de gaz de purge pour 
amener du gaz d'echappement de bruleur du 
reformeur dans le recipient de confinement; 

15 caracterisee en ce que ('installation de produc- 

tion d'energie a piles a combustible comporte 
aussi un moyen d'enlevement d'elements de 
combustion, installe sur ladite tubulure d'ame- 
nee de gaz de purge de maniere a enlever ef- 

20 ficacement des elements de combustion con- 

tenus dans ledit gaz de purge avant que ledit 
gaz de purge ne soit introduit dans ledit reci- 
pient de confinement. 



9. The fuel cell power plant according to claim 1 : 

wherein said fuel cell power plant further com- 
prises: 

a catalytic combustor which combusts a burner 
exhaust gas exhausted from said burner and 
said reformed fuel gas supplied from said re- 
forming space to as to supply as said purge gas 
a combustion gas to said purge gas supply 
pipe. 

10. The fuel cell power plant according to claim 1 : 

wherein said fuel cell power plant further com- 
prises; 

an oxidation agent gas supply source for sup- 
plying an oxygen agent gas to said fuel cell 
power plant; and 

a catalytic combustor which combusts said re- 
formed fuel gas and said oxidation agent gas 
to generate said purge gas so as to supply said 
purge gas to said purge gas supply pipe. 

1 1 . The fuel cell power plant according to any of the pre- 
ceding claims and further comprising a dehumidifier 
which is provided along said purge gas supply pipe 
and dehumidifies said purge gas to supply dehu- 
midified purge gas to said containment vessel. 

Revendications 

1. Une installation de production d'energie a piles a 
combustible qui comprend: 

une unite principale de piles a combustible a 
laquelle un combustible est amene; 
un recipient de confinement destine a contenir 
ladite unite principale de piles a combustible; 
un reformeur de combustible qui inclut au 
moins un espace de reformage dans lequel le- 



25 2. L'installation de production d'energie a piles a com- 
bustible selon la revendication 1 dans laquelle: 



le moyen d'enlevement d'elements de combus- 
tion comprend un appareil de separation de gaz 
30 qui est installe sur ladite tubulure d'amenee de 

gaz combustible et qui separe du dioxyde de 
carbone gazeux inclus dans ledit gaz de com- 
bustible reforme; 

ledit dioxyde de carbone etant amene dans le- 
ss dit recipient de confinement pour constituer le- 
dit gaz de purge. 

3. L'installation de production d'energie a piles a com- 
bustible selon la revendication 1, 

40 

dans laquelle ladite installation de production 
d'energie a piles a combustible comprend en 
outre: 

une tubulure d'echappement de gaz combusti- 
45 bles uses destinee a I'echappement, hors de 

ladite unite principale de piles a combustible, 
d'un gaz combustible use qui est engendre 
quand ledit gaz combustible reforme a ete ame- 
ne a I'espace d'anode de ladite unite principale 
50 de piles a combustible et est utilise pour la ge- 

neration d'energie; 

un appareil de separation de gaz qui est installe 
sur ladite tubulure d'echappement des gaz 
combustibles uses et qui separe un dioxyde de 
55 carbone gazeux inclus dans ledit gaz combus- 

tible use; et 

une tubulure d'amenee de gaz de purge desti- 
nee a connecter ledit appareil de separation de 
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gaz et ledit recipient de confinement afin 
d'amener dans ledit recipient de confinement, 
en tant que ledit gaz de purge, ledit dioxyde de 
carbone gazeux qui est separe par ledit reci- 
pient de separation de gaz. 

4. L'installation de production d'energie a piles a com- 
bustible selon Tune quelconque des revendications 
1 a 3;. 

dans laquelle lesdits elements de combustion 
incluent de I'oxygene, et ledit moyen d'enlevement 
d'elements de combustion comprend des moyens 
d'enlevement d'oxygene qui est installe sur ladite 
tubulure d'amenee de gaz de purge. 

5. L'installation de production d'energie a piles a com- 
bustible selon la revendication 4: 

dans laquelle ledit moyen d'enlevement 
d'oxygene comprend un moyen d'adsorption d'oxy- 
gene incluant un agent adsorbant pour enlever ledit 
oxygene par une adsorption avec ledit oxygene. 

6. L'installation de production d'energie a piles a com- 
bustible selon la revendication 4 ou 5: 

dans laquelle ledit moyen d'enlevement 
d'oxygene comprend un moyen de combustion 
pour enlever, par consommation dudit oxygene par 
une combustion, ledit oxygene qui est inclus dans 
ledit gaz de purge. 

7. L'installation de production d'energie a piles a com- 
bustible selon la revendication 6: 

dans laquelle ledit moyen de combustion 
comprend un moyen de combustion catalytique qui 
inclut un catalyseur pour accelerer une reaction de 
ladite combustion d'enlevement dudit oxygene in- 
clus dans ledit gaz de purge. 

8. Une installation de production d'energie a piles a 
combustible selon la revendication 1 : 

dans laquelle ladite installation de production 
d'energie a piles a combustible comprend en 
outre un appareil de separation de gaz pourse- 
parer du dioxyde de carbone gazeux qui est in- 
clus dans le gaz d'echappement de bruleur; et 
ladite tubulure d'amenee de gaz de purge con- 
necte ledit appareil de separation de gaz et ledit 
recipient de confinement de facon a amener 
audit recipient de confinement, en tant que ledit 
gaz de purge, ledit dioxyde de carbone gazeux 
qui est separe par ledit appareil de separation 
de gaz. 

9. L'installation de production d'energie a piles a com- 
bustible selon la revendication 1: 

dans laquelle ladite installation de production 



d'energie a piles a combustible comprend en 
outre: 

un dispositif de combustion catalytique qui bru- 
le un gaz d'echappement de bruleur qui 
5 s'echappe dudit bruleur et ledit gaz combusti- 

ble reforme amene depuis ledit espace de re- 
formage de facon a amener a ladite tubulure 
d'amenee de gaz de purge, en tant que ledit 
gaz de purge, un gaz de combustion. 

10 

1 0. L'installation de production d'energie a piles a com- 
bustible selon la revendication 1: 

dans laquelle ladite installation de production 
15 d'energie a piles a combustible comprend en 

outre: 

une source d'amenee d'agent gazeux d'oxyda- 
tion pour amener a ladite installation de produc- 
tion d'energie a piles a combustible un agent 

20 gazeux d'oxydation, et 

un dispositif de combustion catalytique qui bru- 
le ledit gaz combustible reforme et ledit agent 
gazeux d'oxydation de facon a engendrer le dit 
gaz de purge afin d'amener ledit gaz de purge 

25 a ladite tubulure d'amenee de gaz de purge. 

1 1 . L'installation de production d'energie a piles a com- 
bustible selon une quelconque des revendications 
precedentes, qui comprend en outre un deshumidi- 

30 ficateur qui est installe sur ladite tubulure d'amenee 
de gaz de purge et qui deshumidifie ledit gaz de pur- 
ge de facon a amener un gaz de purge deshumidifie 
audit recipient de confinement. 



1. Brennstoffzellen-Stromanlage, umfassend: 

40 eine Brennstoffzellen-Haupteinheit, die mit 

Brennstoff versorgt wird; 

ein SicherheitsgefaB zur Aufnahme der Brenn- 
stoffzellen-Haupteinheit; 

45 

einen Brennstoffreformer mit mindestens ei- 
nem Reformierraum, in dem der Brennstoff un- 
ter Bildung eines reformierten Brennstoffgases 
reformiert wird, bevor dieses dem Anodenraum 
so der Brennstoffzellenhaupteinheit zugefuhrt 

wird, und einem Brenner, der Warme fur eine 
Reformierreaktion im Reformierraum liefert; 

ein Gaszuf uhrrohr zum Zufuhren des reformier- 
55 ten Brennstoffgases aus dem Reformierraum 

in den Anodenraum der Brennstoffzellen- 
Haupteinheit; 
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ein Spulgas-Zufuhrrohr zum Zufuhren von Re- 
formerbrenner-Abgas in das SicherheitsgefaB, 

dadurch gekennzeichnet, daB die Brennstoff- 
zellen-Stromanlage ferner mit einer Verbren- 
nungselement-Entfernungseinrichtung verse- 
hen ist, die mit der Spulgas-Zufuhrleitung ver- 
sehen ist, um in wirksamer Weise Verbren- 
nungselemente im Spulgas zu entfernen, bevor 
das Spulgas in das SicherheitsgefaB eingelei- 
tet wird. 

2. Brennstoffzellen-Stromanlage nach Anspruch 1, 
wobei 

die Verbrennungselement-Entfernungseinrich- 
tung eine Gasabtrennvorrichtung umfaBt, die 
mitdem Brenngas-Zufuhrrohr versehen ist und 
das im reformierten Brenngas enthaltene Koh- 
lendioxid abtrennt; 

wobei das Kohlendioxid als Spulgas dem Si- 
cherheitsgefaB zugefuhrt wird. 

3. Brennstoffzellen-Stromanlage nach Anspruch 1, 
wobei die Brennstoffzellen-Stromanlage ferner fol- 
gendes umfaBt: 

ein Ableitungsrohr fur verbrauchtes Brenngas, 
um aus der Brennstoffzellen-Haupteinheit ein 
verbrauchtes Brenngas abzufuhren, das er- 
zeugt wird, nachdem das reformierte Brenngas 
dem Anodenraum der Brennstoffzellen-Haupt- 
einheit zugefuhrt und fur die Stromerzeugung 
eingesetzt worden ist; 

eine Gasabtrennvorrichtung, die mitdem Ablei- 
tungsrohr fur verbrauchtes Brenngas versehen 
ist und im verbrauchten Brenngas enthaltenes 
Kohlendioxidgas abtrennt; und 

ein Spulgas-Zufuhrrohr zur Verbindung der 
Gasabtrennvorrichtung und des Sicherheitsge- 
faBes, um als Spulgas das Kohlendioxidgas, 
das durch die Gastrennvorrichtung abgetrennt 
worden ist, in das SicherheitsgefafB zu leiten. 

4. Brennstoffzellen-Stromanlage nach einem der An- 
spruche 1 bis 3, 

wobei die Verbrennungselemente Sauerstoff um- 
fassen und die Verbrennungselement-Entfer- 
nungseinrichtung eine Sauerstoffentfernungsein- 
richtung umfaBt, die entlang des Spulgas-Zufuhr- 
rohrs vorgesehen ist. 

5. Brennstoffzellen-Stromanlage nach Anspruch 4, 
wobei die Sauerstoffentfernungseinrichtung eine 
Sauerstoffadsorptionseinrichtung umfaBt, die ein 



Adsorptionsmittel zur Entfernung des Sauerstoffs 
durch Adsorption enthalt. 

6. Brennstoffzellen-Stromanlage nach Anspruch 4 
5 oder 5, 

wobei die Sauerstoffentfernungseinrichtung eine 
Verbrennungseinrichtung zur Entfernung von Sau- 
erstoff, der im Spulgas enthalten ist, zum Verbrauch 
des Sauerstoffs durch Verbrennung umfaBt. 

10 

7. Brennstoffzellen-Stromanlage nach Anspruch 6, 
wobei die Verbrennungseinrichtung einen katalyti- 
schen Brenner umfaBt, der einen Katalysator ent- 
halt, um die Umsetzung bei der Verbrennung zur 

15 Entfernung des im Spulgas enthaltenen Sauerstoffs 
zu beschleunigen. 

8. Brennstoffzellen-Stromanlage nach Anspruch 1, 

20 wobei die Brennstoffzellen-Stromanlage ferner 

eine Gasabtrennvorrichtung zur Abtrennung 
von Kohlendioxidgas, das im Brennerabgas 
enthalten ist, umfaBt, und 

25 wobei das Spulgas-Zufuhrrohr die Gasabtrenn- 

vorrichtung und das SicherheitsgefaB verbin- 
det, um als Spulgas das Kohlendioxidgas, das 
durch die Gasabtrennvorrichtung abgetrennt 
worden ist, dem SicherheitsgefaB zuzufuhren. 

30 

9. Brennstoffzellen-Stromanlage nach Anspruch 1, 
wobei die Brennstoffzellen-Stromanlage ferner fol- 
gendes umfaBt: 

einen katalytischen Brenner, der ein aus dem Bren- 
55 ner abgefuhrtes Brennerabgas und den aus dem 
Reformierraum zugefuhrten reformierten Brenn- 
stoff verbrennt, um als Spulgas ein Verbrennungs- 
gas dem Spulgas-Zufuhrrohr zuzufuhren. 

40 10. Brennstoffzellen-Stromanlage nach Anspruch 1 , 

wobei die Brennstoffzellen-Stromanlage ferner 
folgendes umfaBt: 

45 eine Oxidationsgas-Zufuhrquelle zum Zufuh- 

ren eines Sauerstoff gases in die Brennstoffzel- 
len-Stromanlage; und 

einen katalytischen Brenner, der das reformier- 
50 te Brenngas und das Oxidationsgas unter Er- 

zeugung eines Spulgases verbrennt, das als 
Spulgas dem Spulgas-Zufuhrrohr zugefuhrt 
wird. 

55 11. Brennstoffzellen-Stromanlage nach einem der vor- 
stehenden Anspruche, ferner umfassend einen 
Entfeuchter, der entlang des Spulgas-Zufuhrrohrs 
vorgesehen ist und das Spulgas entfeuchtet, um 
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das entfeuchtete Spulgas dem SicherheitsgefafB 
zuzufuhren. 
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